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connected with the central canal was a claim on behalf 
of the Silesian industry and mines, who were afraid 
lest they should lose the Berlin market by the compe
tition of the Ruhl' coal fields; it lUust be acknowledged 
t hat this clailll rested on a weak IOllAdation. consider
ing what facilities both by rail and water Silesia en
joys. But the result was a regular crop of claillls for 
canals aud railways, which had no connection with 
the question in hand beyond the notion that if pub
lic fu nds were to spent on a speculative undertaking, 
and if the State were in a position, to llIake a sacri
ficE' (by the way of giving up some ,of its profits from 
railways), everybody ought to have his share. The 
impossibility of complying with so many demands, 
without endangering the country's finances, prevented 
auy one scheme commanding a majority. 

Accordingly, the central canal scheme was brought 
forward and upheld solely as an exceptional measure, 
and one that would be less expensive, undel' the very 
11E'culiar circumstances,than the extension of railways 
that had reached the limit of their traffic capacity, and 
whose expenses would, moreover, be met in the shape 
of tolls from those who profited thereby. It was re
jected on grounds of agricultural interests and of dis
tributive justice. \Ve gather from the debate that 
the scheme would have not got a soul to support it, 
if the question had been, like some of those at present 
being brought forward in France, one of duplicating 
a railway, already capable of carrying all the traffic, 
with a waterway free of toll, whose expenses would 
also fall upon the taxpayers, unless indeed it were 
decided instead to handicap the whole sea traffic of an 
illlPortant port whether this traffic llIakes use of the 
callal or not. It is interesting to bring to light th is 
position of affairs, because we are so often told that 
Herluany is a shining instance of a couutry where they 
kuow how to value internal navigation. 

----------

NEW CELLULOSE INDUSTRIES. 
By A. D. LITTLE. 

CELLULOSE has been propel'ly called the structural 
basis of the vegetable world, and it is elaborated in 
illllllellse alllount for the purposes of the gro wiug 
plan t. The un it of plant structu re is a cell. aud the 
('I'll wall i� made up of cellulose, which in the, first ill
stauce is nearly 01' quite pure. SOllletillles, as in the 
case of the cotton fiber, it rell!ains nearly pure in the 
Illatu re cell wall, but more cOlllmonly, as growth goes 
011, other substances are infiltrated UpOIl it and becollle 
a portion of the wall, llIodifying by their presence the 
properties of the celluJose. 'rhe wood of cone· bearing 
trees 'contains, for exalllple, only about 50 per cent. of 
cE'llulose, which is recovered nearly pure ill the chemi
cal processes for the manufacture of wood 'iber, 

As the plant cells according to their function may 
assullle, or have illlpressed upon thelll, an almost 
infinite variety of form, it follows that cellulose, as it 
is supplied by natllre, elllbodies this diversity. It is, 
however, always in its natural state, subject to the 
lilll itations of its a,vailability and usefulness which are 
illlposed upon it by the ('eHular or fibrous strucLure of 
the plant. In spite of these Iilllitations, cellulose is to
day the chief raw material of the world, To-night I 
hope to describe a f1rOCt;Ss . by which th.ese limitations 
are removed for w lat IS, In ' any practICal or general 
sellse, the first tillle-a process which in effect makes 
cellulose soluble in watel', and a" plastic as potter's 
clav. 

S·ome idea of the true position of cellulose in COIll
merce and industry, and of its influence upon the 
whole social econOlllY of the world may be obtained if 
you consider for a mOlllent what the cellulose industries 
are. They include IUlllbel'ing and the working of 
wood; the manufacture of wood pulp and paper; the 
raising, preparirlg, spinning, and weaving of the tex
tile fibers, as cotton, linen, and jute; the manufacture 
of cordage from the so-calied hal'd fibers, like sisal, 
helllP, and manila; together with the lIIultitude of 
lesser industries concerned in the III an ufacture of cell Uo. 
loid, smokeless powdel', pyroxylin varnishes, vulcanized 
fiber, parchment papel', lamp filaments, and so on. 
It is obvi,)us that no ra\v material could have reached 
a position so cOlllmanding except through its possession 
of many desirable and useful properties. 

Cellulose is a flexible, colorless, translucent , lustrous 
solid, about one and a half tillles as heavy as water, 
and remarkably strong and tough. In certain of its 
forms it has shown a tensile strength equal to that of 
good steel on equal sections. It is stable under the 
ordinary conditions of use, and very durable, It takes 
dyes brilliantly, may be polished easily, and in its 
densei' forms is hard and rigid. 

Cellulose itself is structureless, but by reason of its 
origin and the limitations of our knowledge as to how 
it could be worked, it- cOlllmonly occurs and has been 
almost wholly utilized in the shape of little tubes or 
fibers, 01' of structures built up from them. In the 
new industries to which I am about to call your atten
tion, we have to considel' the substance itself without 
respect to form, 

A few years ago I had the pleasure of laying before 
this society some of t.he experimen tal results which had 
then been developed from the remarkable discovery 
made by my friends, Messrs. Cross, Bevan, and Beadle, 
of London, in 1892, that when ordinary fibrous cellll
lose is first wet with a strong solution of caustic soda, 
and thereafter, while still moist, exposed to the vapor 
of bisulphide of carbon. a new cOIllPound, knowu as 
cellulose sulpho-carbonate is formed, which is soluble 
in water and extremely plastic, and which, mOl'eover, 
Illay be readily decomposed with recovery of the origi
nal cell ulose sligh tly modified in character and in the. 
form impressed upon the plastic compound, The cellu
lose sulpho-carbonate, or cellulose xanthate as it is, 
sometimes called, has received the commercial name of. 
viscose. 

The immense industrial importance of this discovery 
is rapidly becoming apparent., more especially in Eng
land and on the continent of Europe, where practically 
all of its commercial applications have been thus far 
developed. This importance rests upon the fact that 
the ,viscose process, for every practical purpost', is a 
process of rendt'ring cellulose itself soluble and plasti(', 
and thereby removing all limitation as to fOrlll, As-a 
result, a new and rapidly expanding group of cellulose 
industries has arisen,. and already the coulluercial ap
plications of the process are going forward upon the 
most divergent and apparen tly unrelated lines. These 
new applications may be broadly grouped into: 

Applications of the viscose solution, such as paper 
sizing, cloth finishing, and viscose paint; 

Applications of the films and filalllents of recovered 
celluloso; , 

Applications of the recovered cellulose in admixtures 
with other materials, as with clay, coal tar, and rubber; 

The manufacture of new COlli pounds formed or de
ril'ed from the recovered cellulose, as, for example, 
cellulose acetate. 

In all, about twenty-two different applications at 
present claim attention. 

The use of viscose in paper making depends upon 
the fact that when a solution of the cellulose sulpho
carbouate is added to the llIixture of stock in the paper 
engine, and tIle sulpho-carbonate then decomposed by 
the addition of Epsom salts, the recovered cellulose is 
precipitated throughout the material in the engine in 
the form of fine flocks which closely resemble hydrated 
alumina in appearance, and which are so gelatinous 
and adhesive as to attach themselves to the fibers, 
binding and cementing these together in the subse
quent processes of paper l\Iaking. The addition in 
this way of from 1 to 4 per cent. of cellUlose to the 
papel', results in a notable increase in strength and 
elasticity. 

The quality of the paper thus produced has led to its 
employment as the basis for artificial leathers for use 
in book binding, box making, and so on. 'rhe paper 
is first coated with a surface ('0101', which is followed 
by a coat of a special size, after which the paper is 
dried and varnished. It is embossed by passing be
tween heated rollers upon which the design has been 
sunk. 

'rhe advantagt's obtained through the use of viscose 
in paper sizing ha\'e led to its similar use in the manu
facture of the so·called leathel' boards, Here again the 
solution is placed in the engiue with the �tock, and 
decomposed by the addition of Epsom salts, after which 
the stock is run off on the board llIachine in the usual 
way, The I.roduct is a board of remarkable tough
ness and exceptional strength. 

The great viscosity of the solution of cellulose 
sulpho·carbonate makes it an adnJirable vehicle for 
carrying auy inert llIaterial, any such additions being 
afterward entangled and firlllly held by the recovered 
cellulose when tlte sulpho-carbonate is decolllposed. 
One part of cellulose will iu this way easily carry and 
hold fifteen parts of clay. 'l'hese facts have been uti
lized in the preparation of the coated papers com
monly used in the llIagazines and elsewllt're for fine 
printing, and especially 1'01' half-tone work Such pa
pel's are usually coated with llIixtures of clay, zinc 
oxide and glue, but distinctly better results are se· 
cured when the viscose solution is substituted for the 
glue. The coated paper thus prepared has an especi
ally good feel, good color, no unusual odor, and a very 
fine, smooth surface wh ieh takes all cuts particularly 
well. The particular merit of the paper is to be found 
in the fact that these results are secured without high 
glaze, and consequently with 1lI uch less reflection of 
light from the surface than is usual in such papers. 

'l'here is a peculiar appropriateness in the applica
tion of viscose to the sizing and finishing of cotton yarn 
and cloth, for the reason that after the cloth or yarn 
has been saturated with the solution and the latter de
cOlllposed, a fillll of cellulose is left upon the fibers, 
which by joining them together gives increased 
strength, while by filling up their inequalities of snr
face, an increm,ed luster is obtained. TIt,IS by the ad
dition of cellulose to the cellulose of the cloth itself, 
ordinary cotton cloth may be llIade to closely resemble 
linen. 

Heavier coatings of cellulose, which in this case lUay 
be mixed with clay 01' pigments, ha\'e been appliea for 
the production of cotton cloth and cloth fOI' book bind
ing. The ad vantages here are great by rt'ason of the 
completeness with wh ich the cloth can be filled, the 
hardness of the surface obtained, and the absence of 
all tackiness should the cloth become aamp ill  use. 

'rhe ability of the vh,cose solution to carry pigments 
which ,are afterward held by the recovered cellulose 
has been further utilized in color printing upon cloth. 
Here again it is particularly advantageous that the 
binding material is chemically suhstantially the same 
thing as the substance of the cloth itself. 'I'he pig
ments are much more firmly fixed, aIHI it becomes pos
sible to obtain cert.ain effects which are otherwise itll
possible, If the viscose solution is used alone, the 
printed portions of the cloth take dyes more deeply 
and brilliantly than the unprinted parts, so that, if 
the printed cloth is afterwards passed through a dye 
bath, the pattern stands out in darker tones upon a 
cOlllpal'atively light ground. 

From color printing to ordinal'y painting is a some
what long step, but the cOlllparatively short life of the 
viscose solution and its pronounced color introduced 
technical difficulties of some magnitllde which required 
to be overcome before any general use could be made 
of viscose paint. These difficulties have recently been 
successfully llIet in Paris, where already a considerable 
and rapidly extendiug use is being made of the mate
rial in this direction, A 10 per cent, solution of viscose 
so prepared as to keep for several wet'ks, is used as the 
vehicle for paint, a'nd this is now being applied upon 
a consider:c.ble scale to the Exposition buildings. The 
alkalinity of the solution, and the prest'nce of sulphur 
COlli pounds restrict somewhat the nUlllber of pigments 
which are available, but a sufficient numbel' of cheap 
pigments are unaffectpd to enable one to obtain any 
desired shade by proper mixtures. The paint is, of 
course, diluted;with water to the desired con�istency, 
and is applied with a brush made of vegetable fiber 
instead of bristles. The paint spreads with extreme 
ease, and its covering power is much in excess of that 
of oil paint. It may be easily rubbed down, and then 
gives with varnish, an especially smooth, soft finish. 
The ratio of Ipigment to cellulose is as fifteen to one, 
and the cost price of the entire paint is about 8 cen
times per kilollleter. Soon after the paint has been 
applied,\the viscose solution dries down and decom
poses. so that the piglllent is firmly held in place by 
the film of recovered cellulose. 

Another important appltcation of the viscose solu
tion has been made in Parb) which is curiously diver
gent from the foregoing, under the name of clyzol, 
the sol uti on has been put upon the market there for 
the purpose of removing old oil paint. If this solution 
is appliea to a painted surface of wood or iron, upon 
which there may be even as many as fifteen or 
twenty coats of old oil paint, a. saponification of 
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t.he oxidized oil is almost immediately effected, wi\h 
the result that when the viscose dries down and de
composes, the film of recovered cellulose may be 
stripped away; carrying with it all the paint, and 
leaving the wood or metal clean. It is not even neces
sary to wait for the solution to dry, since, after it has 
been in contact with the paint for about ten minutes, 
a stream of water is sufficient to wash the whole away. 
Clyzol has been adopted by the Paris Omnibm: COIil
pany among othel' large users, and would seem to have 
a wide application in the cleaning of rolling stock and 
large iron structures, before repainting. Many of the 
beautifully carved old oak doors in Paris, which at 
some period of bad taste had been painted, are now 
being cleaned with clyzol and refinished in their natu· 
ral state, 

The manufacture of thin films of cellulose in con
tinuous lengths has been developed in Manchester, 
England, where the viscose solution is allowed to flow 
in a carefully regulated stream upon a heated and very 
smooth iron cylinder which slowly revolves the while. 
The solut-,ion dries down into a film upon the cylinder, 
from which it is then stripped off and reeled. The heat 
has, however, been sufficient to decompose the viscose, 
and the decomposition is, therefore, subsequently 
effected by treating the viscose film with boiling brine. 
The inorganic by-products diffuse out into the bl'ine 
and the clear film of cellulose remains. These films are 
extremely tough and strong, and are destined to find a 
varied and wide appli�ation in the arts, They form 
an ideal material for use in dialyzing apparatus, and 
should ultimately replace parchment paper for neal'ly 
all purposes by reason of their greater thinness, better 
appearance and superior strength. 

The preparation of thicker sheets of cellulose, having 
the general appearance and physical properties of 
sheets of celluloid, is  still in the experimental stage of 
its development, but enough has been accomplished to 
prove that it is merely a question of a little time before 
such sheets, rivaling celluloid in beauty and variety, 
will be upon the market at a fraction of the cost of 
ct'lluloid, and as free from danger as ordinary card
board. These sheets, however, are much more sus
ceptible to the action of moisture than celluloid itself. 
and fOl' t his reason cannot compete with celluloid in all 
directions, 

One of the first uses to which the th in films of cellu
lose have been applied is in the product.ion of artificial 
flowers at Breslau. I do not claim to be an expert ill 
this particular matter, and any opinion which I lIIay 
exprt'ss is subject to correction by the bt'ttt'r inforllled, 
but to my Illasculine eyes the flowers appear stiff and 
glassy. The leaves are llIuch more satisfactory, and it 
is hoped that by llIaking the films sOlllewhat more soft 
in texture, much better results generally will be 
obtained. 

One of the most ingenious of all the developments of 
viscose, although at present one of the least import.ant 
technicall�" is to be noted in the process of splitting 
cellulose films, as discovered and worked out b y  MI'. 
Tholllas, at Paris. The viscose film is first forllled and 
allowed to gelatinize, after which it is soaked in brine 
to effect a further coagulation and hardening, It is 
then transferred to another solution, ,which effects 
allllost at once a superficial uecolllposition of the 
viscose, the result being that, if a tube be inserted any
where at the edge of the IiIIlI and ail' blown in, the film 
at once splits on a plane parallel to its surfaces, and 
llIay be blown out into a bag 01' tube, 01' into irregular 
shapes if the original fihu was first cut into the proper 
fo rill , It is proposed to utilize the process in the manu
facture of sausage casings, packages for snuff, tobacco, 
etc., and also as covering for handles upon which the 
split film shrinks tightly, gidng a finish like rawhide, 

An especially important and interesting new cellu
lose industry involves the several processes by which 
the so-called artificial silk is now produced in quantity. 
A great deal has been said and written about this new 
product., in spite of which there exists nearly every
where a cOlllplete misconception of its true charactt"'1' 
and position, Much of this llIisconception is due to tllP 
fact that the whole position of the industry and tl,t' 
whoie character of the prod nct has radically changed 
since May, 1898, so that. conclusions based upon thelSe 
earlier results are falsified to-day. 

The present cOlulllercial processes for the manufac
ture of artificial silk depend upon the solubility of the 
lower nitrates of cellulose in a llIixture of alcohol aud 
ether, and upon the fact that when this solution is 
brought into contact with water, the n itrocellulose is 
precipitated. The solution is, therefore, forced into 
water through fine capillary apertures or spinning 
tubes under heavy pressure, As SOOIl as the solution 
strikes the water, a filament of nitJoocellulose is pro
duced, which is drawn away from the spinning tube at 
the rate of about 600 met.el's an hour. In the process 
worked out by Chardonet, a simple nitrocellulose solu
tion in the ether-alcohol mixture is elllployed, but 
owing to its viscosity it requires extremely heavy pres
sures to force it through the tubes, The Chardonet 
solution formerly contained from 7 to 8 per cent. of 
cellulose nitrate, but has now been brought up to 
about 13 per cent. An important illlprovt'lllent in the 
process was introduced by Lehner, who found that the 
addition of sulphuric acid to the collodion, that is, the 
cellulose nitrate solution, greatly lowered its viscosity 
and permitted the use of a 15 per cent. solution under 
much lower pressures than those required without this 
addition. 

The extreme inflammability of the cellulose nitrates 
in themselves, and especially when in this forIll, would 
preclude their use in artificial silk were it not for the 
fact that, by treatment with appropriate reducing 
agents, the nitric acid may be rellloved and the fila
ments converted into ordinary cellulose after the llIall
ner worked out by 'Veston in preparation of his tallm 
dine, in 1882. The filaments, after spinning, are t.lIp'l·
fore denitrated and, therefore, subjected to a furtlll'l' 
treatment with aluminium acetate to render thelll 
stil less reaaily combustible as well as less susceptilJie 
to the action of water. 

In practice, a bank or battery of twelve to twenty 
spinning tubes or orifices is operated for each compound 
filament or thread produced, the single filaments being 
drawn together in the water, and twisted as they lea\'e 
it. Practically the sole ciaim which the . product has 
at present to commercial recognition is found in the 
sUl'passing luster 0 f this artificial sil k which, as the 
product is now made. far exceeds that of the real silk, 
Very many superb samples of artificial silk ill the form 
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of floss, yarn, braid, cord, as well as dress goods and 
numerous other fabrics, were seen by me in London 
this SUl111Uer, most of these having been produced by 
the Lehner pro�ess. All of this so-called silk has little 
strength and almost no wearing quality, and what lit
tle strengt.h it has is greatly reduced when wet_ It 
takes dyes brilliantly, however, and contrary to the 
general i mpression, is not more inflammable than cot
ton, as was proved by many trials. The sole field for 
the product is in the production of effects; for any 
other purpose it is merely beautiful rubbish, and its em
ployment evidently requires special skill and knowl
edge in weaving. It is doubtful if more than twelve 
or fifteen silk spinners'and weavers know, at the present 
ti me, how to handle it to obtain the best results. De
spite these drawbacks, there is a sustained and in
sistent demand for all that can be turned out at the 
present time, at prices ranging from 45 to 50 franes per 
kilo, which is above the usual price of real silk. The pres
ent production of the several plants abroad is about 
300 kilos a day, and plants to make about 650 kilos ad
ditional, are in course of erection. 

A consideration of these artificial silk processes brings 
us back to visco�e, for. the reason that the viscose solu
tion has lately been applied upon a large experimental 
scale at Kew, to the production of artificial silk. The 
solution has the obvious initial advantages of being 
much cheaper than the cellulose nitrate solutions, and 
of yielding a pure cellulose almost at once, thereby do
ing away with the process of denitration. 

The solution is spun through fine capillary tubes 
Into a solution of ammonium chloride, in which the 
viscose coagulates i mmediatly, although without de
composition. The filaments are then drawn together 
into the compound thread, which is wound up o n  bob
bins after a preliminary twisting. The viscose fila
ments are thereafter decomposed with recovery of the 
cellulose hy immersing them in boiling brine. 

Coming now to the applications which have been 
made of the recovered cellulose in admixtures with 
other materials, it should be made clear that when 
the viscose solution is allowed to decompose spontane
ously, the recovered cellulose coagulates into a firm, 
stiff jelly, from which, as dehydration proceeds, the 
inorganic by-products are in large part expelled, al
though a prolonged. soaking in water is necessary to 
remove the m all. If, to the viscose: solution, inert 
materials like china clay, powdered coal, graphite, un
treated fiber '01' pigments have been added, these ma
terials become a part of the resulting mass, and modify 
according to their properties, the character of the 
product. It is not even necessary, in making such ad
mixtures to bring the viscose into solution, for it is 
itself plastic and adhesive to about the same extent as a 
raw rubber dough, so that, after the manner of rubber 
working, the viscose dough may bead mixed with vari
ous dilutents, the whole mass remaining plastic. While 
in this form it may be inolded, stamped, squirted into 
rods or tubes after the manner in which lead pipe is 
made, 01' rolled out into sheets, and may even be 
spun upon a potter's wheel like clay. The articles 
thus made require to be heated over night to a telll
pel'a ture of about 1500 F. to decompose the viscose 
ami recover the cellulose in the form impressed upon 
the plastic compound. The articles are then dense 
and hard, but require washing in water to remove 
alkaline sulpho-carbonates and their by-products. 

The extreme facility with which viscose can be ad
mixed with other il1aterials, and the general resem
blance of the visco�e dough to a crude rubber dough, 
has led to the working out of methods whereby the 
viscose and rubber are incorporated together so inti
mately that upon the subsequent decomposition of the 
viscose in the vulcaniziug process, a film or product is 
obtained in which the cellulos� and rubber seem to 
actually interperw'eate each other. Thus far the ap
plication of the new mixture has been al most entirely 
in the manufacture of waterproof cloth for mackin
to�hes, although certain other products such as bicy
cle tires and other mechanical goods, have been turned 
out. In the case of mackintosh cloths, the viscose rub
ber 111ixture spreads better, and is claimed to glve a 
less porous film than the usual mixtures. The goods 
can be run faster through the coating machines, and 
the mixture works more cleanly, but the addition of 
viscose certainly lowers somewhat the elasticity of the 
rubber. 

The influence of this discovl'ry of Cross, Bevan, and 
Beadle, upon the general development of the chem
istry of cellulose, promisf's to be, perhaps, as great as it 
has already shown itself to be upon the purely techni
cal develoPlllent of the cellulose industries. The bear
ing of their discovery upon the chemistry of cellulose, 
apart from the general stimulus afforded by any great 
discovery, lies in the fact that the recovered cellulose, 
especially when sufficiently hydrated to correspond to 
the formula C. H 10 0., is far more reactive or suscepti
ble to the action of chemical reagents than any of the 
ordinary forms of cellulose. It thus becomes possible 
to prepare easily and in quantities, cow pounds of cel
lulose not known before outside the laboratory, and 
opens up a field for new tjiscovery. The earliest and 
perhaps the wost important of these new commercial 
products is cellulose acetate, which is now prepared by 
the method of Cross and Weber, in quantities of several 
hundred pounds per day. 

This method consists, briefly, in mixing the recovered 
cellulose with magnesium acetate, drying the mixture 
down, adding small quantities of acetic anhydride with 
a much larger proportion of acetyl-chloride, and 
stirring ths entire mixture until the reaction starts. 
Carefully regulated quantities of nitrobenzol are then 
slowly added for the purpose of controlling the reaction 
and bringing the acetate into solution. The acetate is 
purified by prEcipitation in a.lcohol, and is then washed 
in water and dried. 

The more immediate and obvious uses for cellulose 
acetate are in the preparation of varnishes and lac
quers, photographic films, and sheets to replace cellu
loid which the acetate closely resembles in appearance 
and general physical character. It is, however, much 
less inflammable, and is especially valuable because of 
its high specific inductive capacity and water-repellant 
quality. 

The greater reactivity of the cellulose recovered from 
viscose has also been utilized in the preparation of the 
cellulose nitrates, where also the granular form in 
which this cellulose is readily obtained offers economics 
in the acid treatment, and greatly facilitates subse
quent washing.-Technology Quarterly. 
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Cllemll!ltry. Descriptive General Chemistry. A Textbook for 
Short Course. By S. E. Tillman. 8vo, cloth, 429 pages. New York, 
1899 .. . ....... . ... .. . ... . . . ............. .................... . ... $3 00 

Clay i1Iodelllng for Scllools. A Progressive Conrse for 
Primary Schools and Grammar Grades. By Anna M. Holland. 8vo. cloth, 
illustrated, 21 pages, 19 plates. Boston, 1899... . . . . .. . . . . . . . .. . ... $1 00 

Cyanide Process. Practical Notes on the Cyanide Process. By 
F. L. Bosqui. 8vo, cloth, illustrated, ro1 pages. New York, 1899 $2 50 

Decorative Designs of all Ages, for all Purposes. With numer
ous engravings and diall:ram@. Edited by Paul N. Hasluck. 16mo. cloth, 
160 pages. London, 1899 ..... .......... . . ........ ... . . .. .. .. ...... $0 .�O 

Dams. The Design and Con.truction of Dams,' inrluding'Mason'ry 
Earth, Rock-Fill, am! Timber Structure.. Also tbe priucipal types ' of 
Movable Dams. By Edward Wegmann. J<'ourth edition, revised and en-
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Electrotyping. A Practical Treatise on the Art· of Electrotyping 
by the latest known met bods .. Containing historical. review. ot�he tools 
and machinery required, and complete in<ltructions for ope.rating an Electro
typing plant. By C. S. Partridge. 12mo, cloth, 1 49 pages, illustrated. 
Chicago, 1899 ............................................. " . ..... ; . $1 50 

Engineer's Haudy-Book. Containing FactB, Formul"" Tables 
and Questions on Power. Its Generation, Transmission' and Measurement. 
Heat, Fuel and Steam, the Steam. Boiler and accessorip,s. Steam Engipes 
and their parts. the Steam Engille Indicator, Gas and Gasoline En�ines, 
etc., etc .. etc. By Stephen Rnper. Fifteenth edition, revised and greatly 
enlarged by E. R. Keller and Clayton W. Pike. 12mo, 844 pages, leather 
pocketbook form. Philadelphia, 1899 . ............. .. . ..... . . . .... $3 50 

Fertilizers. The Source, Character and Composition of . Natural, 
Homemade and Manufactured Fertilizers, and sugg. stions as to their use 
for different crop" and conditions. By E. B. Voorhees. 12mb, cloth, 3.'l5 
pages. New York:1899 .... .. ... .. .. . ....... . . . .. .... . ... ..... $1 00 

Fields, Factories and Worksllops; 01, Two Sister ArlE, 
Industry and Agriculture. By P. Kropotkin . 8vo, cloth.' New York, 
1899 .. . . . . . . ....... . . .. . .. . . .. . . . . ...... . .... ... . . ......... .. .. $3,00 

FOlj-ndry eu pola. "rhe Cupola Furnace; a Practical Treatise on 
the Construction and Management of Foundry Cupolas. By E. Kirk. 

12m", cloth, 361 pa�es, illustrated. Philadelphill, 1899 ........... ; $3 50 
Heat fOI' Advan('ed Studeuts. By Edwin Edser. 12mo, 

cloth, 470 pages, fully illustrated. LoudOl; and New York; 1899: . .. $1 00 
Hydraulic and Placer llllnlng. B y  E .  B. WiI@on. 12mo, 

cloth. New York, 1899 . . . . . .......... .... . . . . . . . . . . .. .... ..... .  $2 00 
Heat and Heat Engines. A study of th� principles which un

derlie the mechanical engineering of a power plant. Bv F_ R. Hutton. bVO, 
cloth, 553 pa.ll:es, ilIustrat.ed. New York, 1B99 ... . .. . . . .... .. ... .. $5 00 

Hop. The Hop, its Culture and Cure; Marketinf: and Manufar.ture. 
A practical handbook on the most approved methods m growing, harveRt
ing, CUfll1t!, and selling Hops, and on the use and manufacture of Hops. 
By Herbert Myrick. Profusely ilIustrated,12mo, cloth,299 pages. New 
York, 1899.................... ........................ . . . . '. $1 '50 

Indicating tile Refrigerating i1Iaclllne. The Application 
of the Indicator to the Ammonia Compr, ssor and Steam Engme; with 
practical instructioDs relating to the construction and' use of the IndIcator, 
and reading and computing Indicator Card.. By G. T. Voorhees. New 
York,1899 .................. ........... : ....................... $1 '00 

In.ects. Our Insect" Frieuds and Foes. How to Collect, Preserve, 
and Study Them. By Belle S. Cragi n; A.M. With 255 illustrations,'377 
pages, 8vo, cloth. New York. 1899.. . . . . . . . . . . .. .. . .............. $1 75 

1 nsectl!l. Their Structure and Lif�. A Prim�r of Entomology. By 
George H. Carpenter. 12mo, cloth, 40:1 pages, 18� iIInstrations. Loudon, 
1899. .. . . . ..... . ........................................... :.. . .. $1 ,. 5 

Kinematics of i1Iaclllnery. By John H .  Barr .. 8vo, cloth, 213 
figures, 247 pages. New York, 1899.... . ..... ......... ... . . . .. . $2 50 

Landscape Gardening. How to Plan the Home Grounds. By 
S. Pal'l!ons, Jr. With illustrations, 12mo, cloth, 249 pages. New York, 

1899 . .. . . ...... . . .. ... ... ... . ....... .. . ....... . ... .......... . . $1 25 
Landscape Gardeulng. Treatise on the (i<)neral Principles 

Governing Outdoor Art; with sundry .ugg�stions for their apphcation in 
the commouer problems of Il:ardening. By F: A. Waugh. Illustrated, 
12mo, cloth, 152 pages. New York, 1899.......... ............ ... $0 50 

Lead. The Metallurgy 0 f Lead and the Desilverization 0 f Base Bul
lion. By H. 0 Hofman. Fifth eclition, revised, rewrItten, and enlarged. 
8vo, cloth, 559 pages, illustrated. New York, 1899 . . . .. . . . . " ... $6 00 

Loe.omotlve Engineering. A Manual of Locomotive Engineer 
ing, with an Historical Introduction. A Practical Test-book for the use of 
Engine ' Builders. DeSIgners, and Dranghtsmen, Railway Engineers, and 
StudentE. By Wm. F. Pettigrew. With a .ection on American and Conti
nental Engines. by Albert F. Ravenshear. With 9 plates and 280 ilIustra-
tion@. 8vo, cloth. Philadelphia, 1899 ......................... _ ... $6 50 

i1Iaclllne Design. Part II. Form, Strength, and Proportions of 
Parts. By Forrest R. Jones. 8vo, cloth. 353 pages. IIIostrated. New 
York, 1899 ................. . . . . . ..... . . . . .. .. .... . ... ... ....... . $3 00 

ilIatllematics. First Course in Mathematics. (The Home Study 
Circle.) Edited by Seymour Eaton. Mechanics' Bids and Estimates, 
Mensuration for Beginne�, Easy Leasol1s in GeometricaJ Drawing, Ele
mentarv Algebra, A First COUTse in Geometry. From the Chicago Record. 
12mo, cloth. 340 pages. Illustrated. New York, 1899 . . . . .. . .. . .. $1 00 

i1Ietallll rgy. Handbook of Metallurgy. By Dr. Carl Schnabel. 
Translated by Henry Louis. In two volumes. 8vo, cloth. 1,602 pages. 
927 illustrations. London, 1899... . . ........................... $10 00 

i1Iodern i1Iecllanlsm. A Resume of Recent Progress in MeclJRni
cal, Physical, and Engineering Science. By Charles H. Cochrane. New 
and enlarged edition. Illustrated 12mo. cloth. Philadelphia, 1899.$1 50 

Naval Arcllltecture. A Textbook of Theoretical Naval Archi-
tecture. By E. L. Atwood. 12mo, cloth. 2!l5 pages. IlIu.trated. Lon_ 
don and New York, 1899.... . . . . . . .. . . . .. .. . ............ .. $2 50 

Optics. A Treat1se on Photographic Optics. By S. R. Cole. 8vo, 
cloth, illustrated, 330 pages. New York, 1899 . ...... . . .... . ..... .. $2 50 

PllotograPllr' Amateur Photography. A Practical Guide for the 
Beginner. By W . .  Lincoln Adams. 12mo, cloth, 135 pages, illustrated. 
New York, 18911. ......... . . . ........ ....... . . . . . . . .... . ....... . . .  $1 25 

Picture Framing. Mounting and Framing Pictures. With 240 
engravings and diagrams. Edited by Paul N. Hasluck. 16mo, cloth, 160 
pageR. London and New York, 1899 .. ... ... ... . . . . ............ .. . . $0 50 

Plants. A Textbook of Plant Diseases Caused by Cryptogamic Para-' 
sites. By George Massee. 12mo,' cloth, 458 pages, fully illustrated. Lon-
don, 1899....... ..... ... ..... ..... ............... .. ........ $1 75 

Wiring. The Internal Wiring of Buildings. By H. M .  Leaf. With 
many illustrations and diagrams. 12mo, cloth. 198 pages. London, 
899................ ..... . . .  . .................... .............. $1 50 
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